ARLY and accurate detection of patients at risk of developing intracranial lesions following MHI is the main objective of existing published guidelines and recommendations for the management of this entity. 2, 18, 22, 26, 36, 39, 42, 44, 52, 55, 56 These guidelines are usually based on patient selection for CT scanning, depending on the presence or absence of some specific clinical findings considered to be risk factors for the development of intracranial lesions. Despite the high incidence of MHI, there is not enough information and agreement concerning the real incidence of intracranial lesions following MHI. Moreover, the relevance of generally accepted clinical risk factors and the reliability of existing proposed guidelines and recommendations have not been adequately evaluated.
selection bias by another physician existed. Our hospital is an inner-city medical center and the major trauma center situated in the northwest area of Barcelona, Spain. It covers a population of approximately 800,000.
Mild head injury was defined as a score of 14 or 15 on the GCS 54 at the first evaluation conducted in the emergency department, with or without LOC. Each patient's head injury was also classified as minimal, mild, or moderate according to the HISS proposed by Stein and Spettell. 49 
Clinical and Radiological Assessment
Demographic, epidemiological, and clinical data were prospectively collected in all cases. Symptoms, clinical signs, and previous medical conditions usually considered to be risk factors for developing intracranial lesions after MHI were checked in all patients (Table 1) . After these clinical variables had been collected, patients underwent CT scanning. Two independent neuroradiologists, blinded to the clinical data, evaluated the neuroradiological examinations. The CT scanning protocol in trauma cases at our center includes routine scans with 2.5-mm-thick cuts from the foramen magnum to the orbital roofs, 5-mm-thick cuts from the orbital roofs to the top of ventricular system, and 10-mm-thick cuts thereafter. Both bone and soft windows were obtained. All detected cranial and intracranial lesions were registered. According to Shackford, et al., 43 a posttraumatic pathological state in the skull or brain visualized on CT scanning was defined as an abnormal positive finding. A CT scan demonstrating an acute intracranial lesion was defined as a relevant positive finding, therefore excluding isolated cases of linear skull fractures or chronic subdural effusions. In the present study, a relevant positive CT scan was the primary outcome measure. The clinical decision to discharge, observe, or admit a patient was left to the discretion of the managing physician and was recorded in each case. All patients who were discharged from the hospital were provided with a sheet of instructions for at-home observation by their relatives. If a patient with a relevant positive CT scan was admitted to hospital, the lesion was considered to be clinically important. This was the secondary outcome measure in the study.
Selection of Clinical Guidelines and Recommendations
The literature published from 1996 to 2002 and available through the MEDLINE database was reviewed with the aim of localizing the most recent guidelines and recommendations for the management of MHI. Papers centered on the pediatric population and those recommending systematic CT scan indication for all patients were excluded. Some of the selected guidelines offered a split point with two or more different treatment options, depending on the available resources at each particular center (that is, clinical observation compared with skull x-ray filming compared with CT scanning). In these cases, the diagnostic gold standard (that is, CT scanning) was chosen for each guideline evaluation.
Statistical Analysis
Descriptive statistics were presented as the median, mean, and standard deviation for quantitative variables and frequencies, and percentages for qualitative ones. Univariate and multivariate analyses were used to quantify the relevance of the different clinical variables and their influence on the presence of intracranial lesions and were presented as ORs with 95% CIs. Binary logistic regression analysis was performed using the backward stepwise method together with the Wald statistic for variable selection. Two dependent variables were selected: relevant positive CT scanning results and a clinically important lesion. Probabilities of 0.05 and 0.1 were established for entering or removing a variable from the final model. Receiver operating characteristic curves were obtained by calculating the sensitivity and specificity of every predicted probability and by plotting sensitivity against 1 Ϫ specificity. Additionally, recursive partitioning analysis was performed as an alternative statistical technique to construct a classification tree that might Ͻ65 yrs/Ն65 yrs * The GCS score was always evaluated at the first clinical assessment. † An LOC was considered to have occurred when witnessed by a paramedic or any of the relatives present at the clinical evaluation.
‡ Headache excluded local cranial pain due to skin injury. § Vomiting was defined as any emesis after the traumatic event. || Posttraumatic amnesia included both retrograde and anterograde memory disturbances. ** Significant associated lesion was considered if it required hospital admission for treatment or observation by itself.
† † Drug or alcohol intoxication was determined on the basis of the clinical history and findings.
‡ ‡ Hydrocephalus treated with a shunt was the only previous neurosurgical procedure that was independently analyzed.
be helpful in clinical decision-making, establishing a 0.05 level for variable selection with the aid of CART methodology by using the chi-square test for split point selection. 6, 30 Selected clinical guidelines and recommendations were tested for their diagnostic efficiency when applying each treatment strategy to the group of patients. Their sensitivity, specificity, positive and negative predictive values, and diagnostic accuracy were calculated using standard formulas. 32, 38 Statistical software used in this study included SPSS (version 10 for Windows; SPSS, Inc., Chicago, IL) and QUEST (version 1.8.19; University of Wisconsin, Madison, WI, and National Chung Chen University, Taiwan, Republic of China).
Results

Demographic and General Data
During this 2-year period, 1101 patients were included in the study. There were 573 male and 528 female patients (ratio 1.1:1) with a mean age of 46.7 Ϯ 23.9 years (range 15-99 years). Three hundred twenty-four patients (29.4%) were older than 65 years. Falls were the main cause of MHI (49.6%), followed by traffic accidents (31.1%). A fall from an elevation was the only specific mechanism of injury related to a significantly higher risk of presenting with intracranial lesions (OR 7.65, 95% CI 3.11-18.81; Table 2 ).
The median time elapsed from injury to emergency department evaluation was 3.5 hours (range 0.2-96.0 hours). Seven hundred eighteen patients (65.2%) presented with posttraumatic symptoms (subjective patient complaints), and in 179 patients (16.3%) some positive clinical sign was found during the neurological examination conducted by the evaluating physician. Four hundred twenty-four patients (38.5%) had a history of a relevant previous medical condition. Nine hundred ninety-three patients (90.2%) were discharged immediately following CT scanning studies. Seventy-two patients (6.5%) were admitted to the hospital, and 36 patients (3.3%) were initially left in observation. Three of this latter group of patients were finally admitted to the hospital; the remaining 33 were discharged after a median observation time of 11 hours.
Incidence and Type of Lesions
Eighty-eight patients demonstrated abnormal positive CT scanning results. Four of them had isolated linear skull fractures. One patient presented with a chronic subdural effusion. The remaining 83 patients (7.5%) presented with relevant positive CT scanning results and were selected to undergo further analysis. Thirty-three (39.8%) of these 83 patients had multiple abnormalities. The most frequently occurring lesion was posttraumatic subarachnoidal hemorrhage (50.6% of patients), followed by brain contusions (41.0%) and acute subdural hematoma (38.6%) ( Table 2) . In only 17 patients (1.5%) in this series was a skull fracture observed on the CT scan bone window.
Seventy of the 83 patients with relevant positive CT scanning results were admitted to the hospital, because their lesions were considered to be clinically important. The remaining 13 patients were discharged home with a normal neurological status after having undergone an initial period of observation and a second CT scanning study demonstrating no radiological impairment.
Eleven patients (1.0%) presented with mass lesions and underwent surgery. The head injury-related mortality rate in this series was 0.4% (four patients). The distribution of all patients according to the HISS classification 49 is featured in Table 3 .
Analysis of Potential Clinical Risk Factors
Results of the uni-and multivariate analyses that relate clinical findings to the presence of a relevant positive CT scanning result are featured in Table 4 . Thirteen variables showed a statistically significant relationship with the presence of posttraumatic intracranial lesions in the univariate analysis. Ten remained independent risk factors in the multivariate analysis. These were hydrocephalus treated with shunt placement (OR 14.63 
Statistically Predictive Models
The most efficient logistic regression model for the prediction of a relevant positive CT scanning result following MHI provided a logit that included 12 clinical items. The area under the ROC curve was 0.853 (95% CI 0.803-0.901) and should be considered as an excellent diagnostic performance of the model (Fig. 1) . Though a sensitivity close to 100% would be desirable for a screening method in MHI, the cutoff point selected for CT scan indication to achieve this value would be placed in a 0.0042 risk threshold probability. This implies using a model with very low specificity (3.2%). On the other hand, in considering the category of clinically important lesions as a dependent variable, the logistic regression model and the ROC curve derived from it achieved a better performance, ruling out all cases with a specificity of 42.5% (Fig. 2) . In a second step using recursive partitioning analysis, we searched first for a classification tree that adequately detected all patients with relevant positive CT scanning results. This was attempted by progressively increasing the misclassification cost in patients with relevant lesions. The best classification tree was built on eight clinical variables with 17 nodes (nine terminal nodes) and was provided with 94% sensitivity and 53.3% specificity, losing only five patients with relevant positive CT scans (Fig. 3) . The next classification tree with higher sensitivity offered a rule with only one node, suggesting systematic CT scan indication for all patients with MHI. When the objective was changed to detect patients with clinically important lesions, the results were better (Fig. 4) . In this case, the classification tree had a sensitivity of 100% and a specificity of 52.6%, working with eight clinical variables and 19 nodes (10 terminal nodes).
Evaluation of Currently Available Clinical Guidelines and Recommendations
Eleven clinical guidelines and recommendations published between 1996 and 2002 were selected from a literature search. 2, 18, 22, 26, 36, 39, 42, 44, 52, 55, 56 Parameters evaluated for their diagnostic efficiency are featured in Table 5 . None of these guidelines reached 100% sensitivity in the detection of patients with relevant positive CT scanning results. Those proposed by the World Federation of Neurosurgical Societies 42 showed the highest sensitivity (97.6%), but also the lowest specificity (13.9%). The use of these guidelines offered a scarce 13% reduction over systematic CT scan indication. Guidelines with higher specificity failed to show acceptable sensitivity levels. On the other hand, when the objective was to detect only patients with clinically important lesions, the guidelines proposed by the European Federation of Neurological Societies 56 
Discussion
Accurate evaluation and treatment of patients who initially seem to be at low risk is one of the most important factors that can reduce morbidity and death associated with head injury. 25 Early detection of patients harboring intracranial lesions following MHI is the main objective of the proposed guidelines and recommendations. During the last decade, as CT scanning has become more widely available, some authors have recommended its mandatory use as a routine screening tool, with selective admission being based on CT findings, 17, 20, 28, 29, 43, 46 whereas others have recommended routine admission with or without CT scanning. 14, 31, 34 Given that a clinical policy based on systematic CT scan indication or in-hospital admission carries unaffordable clinical and economic costs in many countries, 7,10,27 the most common attitude toward head-injured patients is to select them for CT scanning or admission on the basis of the recognition of some specific clinical finding. In this way, a large number of different clinical guidelines and recommendations tailored to this management approach have appeared in the literature during the last years. Moreover, it is not uncommon for many emergency and neurosurgical departments to treat MHI according to their own protocols. 4, 7, 12, 20 Unfortunately, the majority of these recommendations and clinical guidelines lack solid scientific basis. Often they rely on consensus conferences and experts opinions and have not been adequately tested for their diagnostic performance.
Incidence of Posttraumatic Lesions Following MHI
The real incidence of intracranial lesions following MHI has not been completely elucidated. The main reasons for discrepancies among data provided by different authors include a disparity in the definition of MHI and the absence of comprehensive CT scanning assessments in the studied cohorts. Based on reports by Rimel and associates, 23,37 the MHI category included patients with a GCS score of 13 to 15. Nevertheless, most authors presently assert that only patients with a GCS score of 14 or 15 should constitute this group. Patients with a GCS score of 13 are being moved to the moderate head injury category, because clearly they have a higher incidence of posttraumatic lesions and a worse outcome. 8, 16, 19, 21, [45] [46] [47] [48] Although mainly retrospective, study data with more than 90% of CT scans being performed in a cohort of patients with a GCS score of 14 or 15 and LOC reveal an incidence of posttraumatic intracranial lesions ranging from 3.7% to 15.3%. 5, 8, 11, 18, 21, 24, 29, 34, 46, 48 Our results lay just above this range (15.6%), but are consistent with incidences reported by the majority of authors. Nonetheless, there is less information available regarding the incidence of lesions in patients with a GCS score of 15 and no associated LOC. Patients in these cases, defined by some authors as minimalor low-risk head-injured patients, are usually discharged without having undergone CT scanning. In 1996 Stein 44 suggested an "almost zero" incidence of lesions in patients with a GCS score of 15 and no LOC or other associated risk factor; a "rare" incidence of lesions was noted when any risk factor was present. Our results show that the incidence of posttraumatic lesions in these two subgroups has been underestimated, being 1.8 and 5%, respectively. Moreover, the need for neurosurgical intervention cannot be completely excluded (0.4%). These data support the assertion that CT scan indication cannot be entirely omitted in patients with minimal head injuries.
Importance of Clinical Risk Factors
Clinical guidelines were based on the supposed existence of certain factors that can detect patients at risk. Although many researchers have proposed a large number of theoretical risk factors, few have analyzed their significance from a statistical point of view. 1, 2, 5, 8, 11, 13, 18, 19, 24, 27, 33, 35, 36, 43, [50] [51] [52] 57 Results of those studies on the significance of clinical risk factors are frequently contradictory and some represent weak methodological aspects, such as the variability in the diagnostic tool, the outcome measure, and the small samples analyzed. Widely accepted clinical risk factors for the de- velopment of intracranial lesions following MHI include a GCS score less than 15, the presence of neurological deficits, any signs of basilar skull fracture, and an older patient age. There is no complete agreement concerning the importance of LOC, PTA, headache, nausea and vomiting, cranial soft tissue injury, epilepsia and posttraumatic seizure, acute drug or alcohol intoxication, particular mechanism of injury, coagulopathy, previous intracranial operations, or alcoholism.
Nowadays, there is still disagreement on the usefulness of plain x-ray films as a screening tool in patients with MHI. Although it is well known that the presence of a skull fracture increases the risk of presenting with potentially evolutive posttraumatic intracranial lesions, 9, 15, 16, 33, 35, 36, 40, 41, 43, 46 ,53 a normal skull x-ray film does not necessarily exclude them. In our series, only 13 (15.6%) of 83 patients with intracranial lesions presented with a skull fracture visible on the CT scan bone window. The univariate OR for skull fracture was very high (OR 47.09; 95% CI 14.96-148.17). Thus, the presence of a skull fracture should be considered as a radiologically demonstrated risk factor, but this factor alone does not represent an optimal screening method to rule out patients with intracranial lesions. When intracranial injuries are a concern, a CT scan, as the most sensitive diagnostic method in the acute phase, should be obtained.
Building Statistical Prediction Models Based on Clinical Data
The most important application of risk-factor recognition is the development of prediction models that can help in clinical decision-making. Few authors have derived decision-making rules from a further statistical analysis of defined risk factors. Jeret and coworkers 24 failed to classify 95% of the patients in their study by using discriminantfunction analysis. Borczuk 5 proposed a CT scan indication rule based on four clinical variables by using stepwise selection and reported a 91.6% sensitivity and a 46.2% specificity for his model. Recently, two well-designed studies have offered a more consistent approach to this question. Haytel and colleagues 18 who used recursive partitioning analysis, created a classification algorithm based on seven clinical findings, which indicated all patients with intracranial lesions in their series. Although the sensitivity of their rule was stated to be 100%, specificity reached only 25.0%, with a scarce 23.3% saving compared with systematic CT scan indication. The Canadian CT Head Rule is based on an extensive study of 3121 patients. 52 The primary outcome measure in this study was the need for neurological intervention. The presence of a clinically important injury on CT scanning was the secondary outcome measure and was assessed in 2078 patients who had undergone scanning. The authors used logistic regression and recursive partitioning analysis to establish a prediction model based on seven clinical variables, which showed 100% sensitivity and 68.7% specificity for neurological intervention and 98.4% sensitivity and 49.6% specificity for clinically important brain injury. The issue of what actually constituted a clinically important lesion was the main criticism of this study. 3 Note
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Guideline reliability in at-risk patients following MHI also that in both of these studies patients with minimal head injuries (that is, no LOC) were excluded from analysis. Not surprisingly, when these models were tested for their diagnostic performance in a new series of patients, as we have done, the results were less than those expected.
One of the main questions that arises when planning any clinical guideline for MHI is whether we should search for a prediction model that allows us to detect all patients with intracranial lesions following MHI or whether we should center our efforts on ruling out only those with clinically important lesions. Medicolegal aspects and the fact that the risk of deterioration and neurobehavioral outcome are not the same in patients with positive CT scanning results compared with those with negative results support the objective to identify all patients with intracranial lesions. On the other hand, economic reasons stimulate adherence to the principle to identify only patients who harbor lesions considered to be of clinical significance. We decided to show results of both approaches, to permit readers to explore their own preferences and to be aware of the implications of their choice.
Considerations on the Diagnostic Efficiency of Clinical Guidelines
It is unlikely that guidelines based on clinical parameters are able to identify all patients with intracranial lesions following MHI within reasonable limits of specifity. In our opinion, it is impossible to provide a universal clinical decision-making rule that suits every country or region, and the question of whether to perform scanning studies in every patient with a MHI should be adapted to each particular circumstance. In technologically well-developed countries with high-quality medical resources and in which the medicolegal climate shows zero tolerance for misdiagnoses, systematic CT scan indication would probably be the best diagnostic approach. The cost effectiveness of selecting patients based on clinical data makes no sense if one's objective is to detect all patients with intracranial lesions. In regions with relatively fewer medical and economic resources and when the objective should be centered on the diagnosis of patients with a high risk of deterioration or on the selective detection of those who will require surgery, risk prediction derived from well-planned clinical guidelines represents the best choice. Thus, we propose that CT scanning should be at least indicated after MHI in all patients with a GCS score of 14 as well as in patients with a GCS score of 15 and any of the following risk factors: LOC, vomiting, severe headache, signs of skull basilar fracture, seizures, focal neurological deficit, or age greater than 65 years plus mild or moderate headache. Patients with significant associated injuries, coagulation disorders, and hydrocephalus treated with shunt placement are also at a higher risk and should undergo CT scanning when available.
Conclusions
Data in this study show that intracranial lesions following MHI in patients included in the minimal-or low-risk group occur more frequently than previously reported. Seven clinical signs and symptoms (GCS Score 14, LOC, headache, vomiting, signs of basilar skull fracture, neurological deficits, and significant associated injuries) and three previous medical conditions (hydrocephalus treated with the insertion of a shunt, coagulation disorders, and age of more than 65 years) have been identified as independent risk factors in patients presenting with intracranial lesions following MHI. Statistical prediction models failed to reveal all patients with relevant positive CT scanning results within reasonable specificity levels. Nonetheless, this was successfully achieved when the objective consisted only of ruling out patients with clinically relevant lesions. An analysis of the diagnostic efficiency of currently available guidelines for the management of this entity demonstrated a failure in the first objective, and only a few guidelines were able completely to identify patients with clinically important lesions.
The aim of this study was not to provide physicians with a universal method of always staying on the safe side when clinically deciding whether to perform CT scanning in a patient, but to inform them of the level of risk that they are accepting when they use clinical guidelines as a tool for the 
